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Table 1  Chemical composition of as-extruded ZA21 alloy 

(ω/%) 

Al Zn Ca Gd Mn Fe Mg 

1.03 2.14 0.23 0.19 0.18 0.0063 Bal. 
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K 1  789 ZA21:;�<ª«AB�XRDK¬4 EDS®cd 

Fig.1  Initial microstructure (a), XRD pattern (b), and EDS result (c) of as-extruded ZA21 magnesium alloy 

100 µm 

E
x

t
r
u

s
i
o

n
 
d

i
r
e
c
t
i
o

n
 

a 

Rheology zone 

Equiaxed grain 

Elongated grain 

20 30 40 50 60 70 80 90

�

��

�

�

��

�

�

��

�

-Mg

-Mg

17

Al

12

-(Mg,Al

3

)Gd

�

�

�

�

�

�

�

�

I
n
t
e
n
s
i
t
y
/
a
.
u
.

�

�

�

��

�

b

2θ/(°) 

0.0       2.6       5.2       7.8      10.4      13.0 

Energy/keV 

3.40

2.72

2.04

1.36

0.68

0.00

I
n

t
e
n

s
i
t
y

/
�

1
0

3

 
c
p

s
 

Ca 

Zn 

Gd 

Mg 

Al 

Ca 

Ca 

Gd 

Gd 

Gd 

Gd 

Zn 

Zn 

Element ω/% at% 

Mg 39.98 61.76 

Al 19.45 27.01 

Ca 1.08 1.02 

Gd 37.08 8.88 

Zn 2.31 1.33 

 

c 



©3546©                                           ¯{�°±²x#$                                          � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K 2  \]./41,23�TU<³1´-1,µ¶ 

Fig.2  True stress-strain curves of the sample at different temperatures and strain rates: (a) 0.001 s

-1

, (b) 0.01 s

-1

, (c) 0.1 s

-1

, and (d) 1 s

-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K 3  \]./41,23�-,TU=8·��AB 

Fig.3  Hot compressed microstructures of the hot deformation samples at different temperatures and strain rates 
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� 4  ������ ln[sinh(ασ)] Z!"#$�%& 

Fig.4  Relationship between ln[sinh(ασ)] and Z parameters 

during hot deformation 

 

�����300 �-0.1 s

-1

���	
������

���������
������450 �-0.01 s

-1

�

��	� !"#$��%&'()*+�,-.�%

&'/01��23��45678 Prasad 9:

[10]

;<=>?@ABC(DMM)�DEF ZA21 GHI=

ZJK�LMNOPQ=RS(T 4)���4U��

�=VWXT(T 5)74U�YZ�= ZJK[�>

\LM-L�]^=_`R�ZO#$a� bc?

ZA21GHI^d���ef����(T 3b�3h)7

g!$L�hij<k���alm!"n$�8o

pq=rstuLMvw�xWpqS(yo�zo)

{|}�~�,HI�4j���=��

[11]

7��

+�56����� 5 ���=pqS���8o

pq�zopq��L�<a>��=L�a4���

=7l����|}xW���yopq��'�

��L�<c+a>��=L�7� �8opqD�{

V|}����g!��'�=rs.uLM�p

qg�je��7��n$!"��gL�him

 ¡¢�%£;¤f�¥=¦Q�l� DRXag Z

O¦=§��¨©

[12]

�ªT 3c�3f�3i7 

GHI«¬#g=¢�(SFE)���>?*+�

aV�®¯	=§�°�¨©

[13]

7±²³m�GH

I&'>?*+�=´iµ¶SK(η)=rsOm 0.3�

� η·0.3m¸¹WX�7 ( )ξ ε

�

º0m»¼�� ( )ξ ε

�

½0

m¾¿�7VWX¾¿TD�ÀÁ@A=Â¦DWX

d�¾¿�=�ÃÄ�M#Å��`ÆÇÈ7T

5É=KOÊË η�ÌÍ�Îm¾¿��ÏÍ�Îm¸

¹WX�7�TDÐ�ÑÒ��ÓW�¾¿���

Ô��¸¹WX���Õw7VWX¾¿�§�Ö×

2��ÎØ�g!$L�hi�Î(300 Ù-0.1 s

-1

)�H

IÚ'fÛ-����jÜÝ�Þ�(T 3e)�$! 
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Fig.5  Processing maps of ZA21 alloy under different deformations: (a) 20%, (b) 40%, and (c) 60% 
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Fig.6  Polarization curves of ZA21 alloy for thermal compression under different deformations: (a) 300 8-0.001 s
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, (b) 300 8-0.1 s
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, 

and (c) 450 8-0.01 s
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Fig.7  Mass loss rates of ZA21 alloy for thermal compression under different deformations after soaking for 5 d in 0.1 mol/L NaCl 

solution: (a) 300 8-0.001 s
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, (b) 300 8-0.1 s
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, and (c) 450 8-0.01 s
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Table 2  Fitting data of the polarization curves (P
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 and P
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 are the corrosion rates obtained by the immersion mass loss 

and the polarization curve, respectively.) 
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Fig.8  Impedance spectra (a~c) and EIS fitting circuit (d) of ZA21 alloy for thermal compression under different deformations amounts: 

(a) 300 8-0.001 s

-1

, (b) 300 8-0.1 s

-1

, (c) 450 8-0.01 s
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Table 3  Fitting data of impedance spectra 
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Effect of Deformation Condition on Hot Deformation and Corrosion 

Behavior of As-extruded ZA21 Magnesium Alloy 

 

Wang

 

Panpan, Jiang Haitao, Wang

 

Yujiao, Zhang Yun, Yu Bowen, Zhong Binbin, Cao Zhiming 

(Institute of Engineering Technology, University of Science and Technology Beijing, Beijing 100086, China) 

 

Abstract: The effects of deformation temperature, strain rate and deformation amount on the hot deformation behavior and microstructure 

of as-extruded ZA21 magnesium alloy were investigated. The processing map was established, and the immersion mass loss and 

electrochemical tests were carried out on the unstable zone, the safe zone and the best processing zone to study the corrosion behavior of 

ZA21 magnesium alloy in different regions. The results show that the dynamic softening mechanism of ZA21 magnesium alloy is mainly 

dynamic recovery at high temperature and low strain rate, while dynamic recrystallization is dominant at low temperature and high strain 

rate. The optimum processing temperature is 300~350 °C, and the strain rate is 0.001~0.01 s

-1

, which is mainly related to the generation of 

complete dynamic recrystallization. Under the same processing technology, with the increase of deformation, the self-corrosion potential 

of ZA21 magnesium alloy obviously positively shifts, and the self-corrosion current density significantly decreases. When the amount of 

deformation increases to 60%, the self-corrosion current density can decrease by 3~4 orders of magnitude. This is mainly because the 

grain refinement leads to a denser oxide film on the surface of the alloy. However, the microstructure of the samples in the processing 

instability zone has wedge cracks and obvious pores, so the corrosion rate is relatively large. 

Key words: as-extruded ZA21 alloy; hot deformation; processing map; corrosion behavior 
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